Three analogs of inosine, formycin B, allopurinol ribonucleoside, and 9-deazainosine, were tested for their ability to suppress proliferation of Pneumocystis carinii in culture with WI-38 cells. The organism was inhibited by 9-deazainosine at 10 p,g/ml, and there was some inhibition at 1 ,ug/ml. Formycin B was effective only at 40 ,g/ml. Allopurinol ribonucleoside had little effect.
Current antimicrobial agents used for prophylaxis and therapy of pneumocystis pneumonia, although efficacious in the majority of clinical situations, often are accompanied by serious side effects which require that use of the agent be halted. Trimethoprim-sulfamethoxazole often causes reactions, especially in acquired immune deficiency syndrome patients, and some infections do not respond to therapy (6) . Pentamidine isethionate is toxic and thus cannot be used for prophylaxis. Not all active infections respond to pentamidine isethionate, and in some cases therapy must be stopped because of toxicity (1). Rapid systematic evaluation of new agents for use in Pneumocystis pneumonia has been difficult with patients or with animal models. We developed a screening system to evaluate ability of antimicrobial agents to suppress Pneumocystis carinii proliferation in culture with WI-38 cells (2); this system compares growth curves of drug-treated and control cultures. Using this system, we found that formycin B and 9-deazainosine were active against P. carinii.
The susceptibilities of P. carinii to allopurinol ribonucleoside, formycin B, and 9-deazainosine were evaluated in culture by using WI-38 human embryonic lung fibroblast cell monolayers (3) adapted for measuring antimicrobial susceptibility (2). Cultures incorporating trimethoprim plus sulfamethoxazole were included because that drug combination is known to be effective against P. carinii. Briefly, the WI-38 cells were grown in 12-well tissue culture plates. After monolayers formed, the cells were inoculated with a homogenate of infected rat lungs. A portion (150 to 200 mg) was ground in culture medium and added to the culture medium for five plates. The inoculum contained approximately 7 x 105 trophozoites per well. After 7 to 8 days of growth, supernatants were removed and new media were added. For control cultures, new medium was free of drugs; experimental cultures received media containing the desired concentrations of test drugs. Concentrations of drugs are given below (see Fig. 1 and 2 ). Wells were sampled on days 1, 3, 5, 7, and 10 by removing 10 pl of supernatant fluid which was then spread in a 1-cm square on a glass slide, air dried, fixed in methanol, stained with Giemsa, and counted. Each slide was counted as an unknown by two individuals, and the counts were averaged. The values shown are average counts of multiple fields at x 1,000 oil immersion magnification.
Data points are expressed as raw counts but may be con-* Corresponding author.
verted to number of organisms per milliliter by using a constant as previously described (2, 3). A total of four wells was used for each drug concentration and for each control at every time point.
Data were expressed as means + standard errors of the mean for the numbers of organisms in the culture supernatants at the various times and conditions. Data are plotted with least-squares regression lines. Actual counts of treated and control cultures may show overlap; however, comparisons of slopes as determined by linear regression analysis show significant and reproducible differences for effective drugs as compared with controls.
Allopurinol ribonucleoside was a gift of the Burroughs Wellcome Co., Research Triangle Park, N.C.; formycin B was purchased from Sigma Chemical Co., St. Louis, Mo.; and 9-deazainosine was synthesized at Sloan-Kettering Institute, New York, N.Y., by the procedure of Lim et al. (11) .
Numbers of P. carinii in supernatants of control cultures increased linearly over 10 days ( Fig. 1 and 2) . The value for the slopes of control cultures in seven experiments was 0.51 ± 0.10 (mean ± standard error of the mean; data not shown).
In the presence of 20 ,ug of 9-deazainosine per ml growth was inhibited, and the slope of the curve dropped to -0.067 in one experiment and 0.002 in another (data not shown). Concentrations of 10 ,ug/ml gave comparable results (Fig.  1A) , and 1-,ug/ml concentrations produced a growth curve with 75% of the slope of the control (data not shown).
In the presence of 40 ,ug of formycin B per ml growth of P. carinii was inhibited. The slope of the curve fell to 0.113 in one experiment (Fig. 1B) and to -0.009 in another. At 1 gig/ml the drug had no effect on growth, whereas at 10 ,ug/ml the effect was variable and less inhibitory than with 40 ,ug/ml. Allopurinol ribonucleoside had no effect at concentrations from 25 to 200 ,ug/ml (data not shown).
Sulfamethoxazole plus trimethoprim, at concentrations of 200 and 50 ,ug/ml, respectively, inhibited growth of P. carinii. The slope of the curve was -0.18 as compared with the control slope of 1.45 (Fig. 2) .
Little is known about the metabolism of P. carinii, a probable protozoan. Most protozoans studied cannot synthesize purines de novo and must salvage these compounds from various sources (7, 8, 16) . For these reasons, we studied inosine analogs, 9-deazainosine, allopurinol ribonucleoside, and formycin B, which are known to inhibit purine salvage pathways in the pathogenic hemoflagellates (10, 12, 13) .
The most active of the three, 9-deazainosine, completely inhibited P. carinii at concentrations of 20 and 10 ,ug/ml, and even at 1 ,ug/ml there was some inhibition. This compound also had the greatest antiprotozoan effect against the pathogenic hemoflagellates and little toxicity to mouse L cells used as a model for mammalian cell toxicity studies (10) . The carbon-carbon bond between the five-membered heterocyclic ring and the ribose in 9-deazainosine is not broken in mammalian cells (9, 17) .
Formycin B, although active at 40 ,ug/ml (Fig. 1B) , had no effect at lower concentrations and cannot be considered a therapeutic agent because of its toxicity (4, 5, 9, 14, 15) . Allopurinol ribonucleoside, although active against a variety of pathogenic hemoflagellates (12), had little effect.
Drugs that are known to be effective against P. carinii in vivo, e.g., trimethoprim-sulfamethoxazole and pentamidine isethionate (2), also were inhibitory in this system. Thus, the culture screening procedure may correlate with efficacy in vivo and may suggest which drugs should be further studied in animal models.
The study demonstrated that some inosine analogs act against P. carinii in a tissue culture system, suggesting that there is some purine salvage carried out by these organisms and that they may use inosine or hypoxanthine as a purine source. The reason for the differential effects among the three inosine analogs is unclear but probably is caused by differences in transport or metabolism of the three compounds. Further metabolic studies are in progress to clarify this point, to study other purine and purine nucleoside analogs, and to investigate the relative importance of the various purine salvage pathways which may be present in this organism. Animal studies with 9-deazainosine, currently being evaluated, indicate inhibition of P. carinii in vivo as well. 
